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DRAG AND STABILITY PROPERTIES OF THE 37-mm T324-E22 SHELL (V)

ABSTRACT

The aerodynamic properties of the 37-mm T32L4-E22 shell as determined

from Transonic Range firings are presented.




TN N N N A

>’
=
-
no

%

TABLE OF SYMBDLS
Mach number
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INTRODUCTION

At the request of the Computing Laboratory the 37mm T32L-E22 shell
was fired through the Transonic Range of the Exterior Ballistic Laboratory.
These firings were conducted to determine the drag coefficient for the
preparation of firing tables. A photograph of the shell is shown in Figure 1.

The physical properties are given in Figure 2.

The program consisted of firing 19 rounds over a range of Mach numbers,
M=0.6 toM=2.7, from the M3A1 tube mounted in a Frankford rest (Fig. 3).
This tube has a twist of 1 turn in 17 calibers of travel. Initial firings
exhibited very little yaw. Since two to three degrees of yaw are desired to
determine the aerodynamic properties of the shell it became necessary to
induce yaw. This was done by installing a blast deflector (Fig. 4) on the
muzzle of the tube. This device distorts the flow of the gun gases over the
model just after ejection and gives the model a tipping tendency. One round
was fired at each Mach number with the deflector on the tube.

Three rounds were fired at the service velocity of 3000 fps. It was
observed that one round lost its fuze cap after 580 feet of flight. A
shadowgraph of the shell is given in Figure 5 and a shadowgraph of the shell
with the fuze cap detached is given in Figure 6. At the conclusion of the
scheduled program an additional 1l rounds were fired to try and duplicate
this phenomenon. The fuze caps were intact on all of these rounds within the
observed portion of the trajectory and no other information is reported from
these rounds. It must be noted that the loss of a fuze cap was observed from
a very limited firing program. This loss may have been due to one freak round,
or it may be an indication of marginal strength of the fuze cup. Since the
limited sample fired in this report can not differentiate these possibilities
it is suggested that if short ranges are observed in future firings of this »
shell that this phenomenon be studied further. The round that lost its fuze
cap had been fired when using the blast deflector but it is felt that the
deflector would not interfere with the fuze eap. The drag coefficient for a

shell without the fuze cap is increased by a factor of two.
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RESULTS AND CONCIUSIONS

The data are given in the table of aerodynamic date and in Figures T to
1L,

Drag:

The dreg force coefficient, KD’ and Mach number were determined for each
round from the test conditions and & polynomial leat squares fit of time-
distance data taken in the test. Since drag is both a function of Mach number
end yew it is desirable to separate the effects of these two. Assuming that
drag is a linear function of mean iguared yew, Kb was reducegd to zero yaw by

the relatienship K = Ky +Kj 8°. Due to the limited amount of date at
62
any one Mach number it wag impossible to determine a yaw drag coefficient,

KD oy Over the entire range of Mach numbers. However, Kb o Was reasonably
e} o}

determined to be 2.0 1/redians square at M = 2.6. This 2.0 value was used
at a8ll Mach numbers to determine the zero yaw drag coefficient 'as given in

Figure 7. At supersonic velocities Q = l/l + M2 KD = & + bM, where a and b
0

are empirical constants, is a useful smoothing formula.l A Q function was
fitted for drag values between M = 1.32 and M = 2.67, yielding:

0.9280
0.1581

a
b

0.0037 s.d.
0.0016 s.d.

+
+

]

Overturning Moment and Lift:

The moment coeffiecient, KM, was determined from the turning rates of the
two arms of the characteristic epicyclic yawing motion of a spinning missile
(Fig. 8)? This KM yields a gyroscopiec stability factor of 3 which is
certainly adequate for the shell. The 1lift force coefficient, KL’ is determined
from the analysis of the swerving motion (Fig. 9). The center of pressure of

the normal force is given in Figure 10.

RIS 1
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Dynamic Stability:

A shell is considered to be dynamically stable if its transient yawing

5 From the yaw damping rates (Figs. 11 and

motion does not increase with time.
12) it is seen that the precessional rate is undamping at speeds less than
M= 1.5. This shell is being considered for use at slant ranges up to 5200
yards. With a muzzle velocity of 3000 fps the shell will enter the unstable
region at about 2200 yards and remain there during the rest of its flight.
However, the degree of instebility is slight and if the indicated trends
continue, an initial yaw of two degrees would yield a terminal yaw on the
order of 10 degrees*. The instability is primarily due to the Magnus moment,
Ky, which is positive for M 1.8 (Fig. 13). The damping moment, B = B
is positive at supersonic velocities and becomes slightly negative at low

subsonic velocities (Fig. 14) and hence also contributes to instability in

2 ki

EUGENE D. BOYER

this region.

Also, for shell flying at low velocities, the dynamic stability is
frequently sensitive to yaw level due to nonlinearities of some of the
aerodynamic properties. Conventional shell, at high subsonic speeds,
usuelly show instability when fired at small yaw; that is, when the shell
is fired at small yaw the yaw will grow. As the yaw grows, however, the
aerodynamic properties change in such a way that the shell becomes stable
at some yaw level other than zero. This case of low yaw instebility and
higher yaw stability may exist for the 3Tmm T324-E22 shell for M {1.5.
However, the available data are too limited to demonstrate this.
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FIGURE 1
T324-E22
Shell
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FIGURE 5: Bhadowgraph at
3000 fps




FIGURE 6: Shadowgraph of Shell and
Fuze Cap After Separation
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